To investigate associations between socioeconomic status (SES) and the prevalence and treatment status of hypercholesterolemia in a general Japanese population. Methods: In 2010, we established a cohort study of 2417 adults (age 20 -91 yr) from 300 randomly selected areas across Japan who participated in the National Health and Nutrition Survey of Japan. We cross-sectionally examined an association between SES and (1) prevalence of hypercholesterolemia in 2417 participants (999 men and 1418 women) and (2) not receiving medication for hypercholesterolemia in 654 participants (215 men and 439 women). SES included employment status, marital status, length of education, and household expenditures. Hypercholesterolemia was defined as a total serum cholesterol level of ≥ 6.21 mmol/L (240 mg/dL) or the use of lipid-lowering medications. Results: The overall prevalence of hypercholesterolemia was 21.5% in men and 31.0% in women. In men, the lowest quintile of household expenditures was associated with a higher prevalence of hypercholesterolemia (28.3%) compared with the upper 4 quintiles (19.9%) (multivariable-adjusted odds ratio 1.66; 95% confidence interval [CI] 1.16 -2.38). Among participants with hypercholesterolemia, 55.4% of men and 55.1% of women were not receiving medication. Unmarried men were more likely to be untreated (75.0%) than married men (50.9%) (multivariable-adjusted odds ratio 2.53; 95%CI 1.05 -6.08). SES had no significant effects in women.
Introduction
Cardiovascular disease (CVD) is one of the leading causes of premature death in Japan as well as other regions of the world 1, 2) . Hypercholesterolemia is one of potential key risk factors for fatal and nonfatal CVD [2] [3] [4] [5] [6] [7] . In Japan, however, cholesterol levels have increased significantly since the late 1960s and have reached a similar level as that in Western countries 2, [8] [9] [10] . Effective CVD prevention requires a strategy based on the Copyright©2018 Japan Atherosclerosis Society This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.
included electrocardiographic analysis, urinalysis, and a questionnaire regarding CVD. Trained interviewers obtained informed consent before enrollment. Of these 2898 participants, 7 participants were excluded because data from NHNS2010 or CSLC2010 could not be merged with baseline NIPPON DATA2010 data, and 276 participants were excluded because of missing data on SES (employment status, marital status, length of education, and/or equivalent household expenditure). One hundred ninety-eight participants with a history of CVD -which was defined as stroke, myocardial infarction, or angina pectoris -were also excluded. The remaining 2417 participants were included in the present study. This study consisted of two kinds of cross-sectional analyses that used the baseline NIP-PON DATA2010 survey. Analysis 1 included all 2417 participants (999 men and 1418 women) to assess the prevalence of hypercholesterolemia. Analysis 2 included 654 participants with hypercholesterolemia (215 men and 439 women) to assess the lack of hypercholesterolemia treatment.
We define treatment for hypercholesterolemia as use of lipid-lowering medication(s). Written informed consent was obtained from all participants, and the Institutional Review Board of Shiga University of Medical Science (No. [22] [23] [24] [25] [26] [27] [28] [29] 2010 ) approved this study.
Lipid Measurement and Definition of Hypercholesterolemia
Casual blood samples were obtained for NHNS 2010. Serum was separated and centrifuged soon after blood coagulation, and plasma samples were collected in siliconized tubes containing sodium fluoride and shipped to a central laboratory (SRL, Tokyo, Japan) for analysis. Serum total cholesterol was measured by the cholesterol dehydrogenase -ultraviolet (UV) method and standardized by the Centers for Disease Control and Prevention/US Collaborating Center for Reference Method Laboratory Network Research in Blood Lipids 27) . Triglycerides were measured using enzyme methods, and high-density lipoprotein (HDL) cholesterol and low-density lipoprotein (LDL) cholesterol were measured using direct methods (Cholestest ® LDL Sekisui Medical). Information on the use of medications was collected using a self-administered questionnaire. Hypercholesterolemia was defined as total cholesterol level ≥ 6.21 mmol/L (240 mg/dL) 28) and/or the use of antihypercholesterolemic agents. Information on the use of lipid-lowering medications was obtained using a questionnaire and confirmed by trained staff. Untreated hypercholesterolemia was defined as not receiving lipid-lowering medications.
reasons why cholesterol levels remain high in Japan.
A number of epidemiological studies have suggested that indicators of socioeconomic status (SES) such as education, household income or expenditures, marital status, and employment status were associated with cardiovascular risk factors including hypercholesterolemia [11] [12] [13] [14] [15] . Some studies also reported the heterogeneous effects of SES on serum lipid levels between men and women 16, 17) . Furthermore, it has been shown that low SES was associated with limited access to health-care services and preventive care [18] [19] [20] . However, there is limited evidence regarding separate associations between SES and the prevalence or treatment of hypercholesterolemia in men and women, particularly in Japan.
Aim
The objective of the present analysis was to examine the associations between household expenditures, employment status, length of education, and marital status and the prevalence and treatment of hypercholesterolemia in a cross-sectional analysis of a representative, general population of Japanese men and women.
Methods

Study Population
In 2010, a prospective cohort study on CVDsNational Integrated Project for Prospective Observation of Non-communicable Disease And its Trends in the Aged (NIPPON DATA2010) -was established [21] [22] [23] . This study was performed with the National Health and Nutrition Survey of Japan (NHNS) in November 2010 (NHNS2010) and the Comprehensive Survey of Living Conditions (CSLC) in June 2010 (CSLC2010), both of which are conducted by the Ministry of Health, Labour and Welfare of Japan. Details regarding NHNS2010 and CSLC2010 have been described elsewhere [24] [25] [26] . In November 2010, 8815 residents (age ≥ 1 yr) from 300 randomly selected districts across Japan participated in the NHNS2010 dietary survey. Among 7229 participants ≥ 20 yr, 3873 participants (1598 men and 2275 women) had a blood test, and 2898 (1239 men and 1659 women) agreed to participate in the baseline NIPPON DATA2010 survey, which also tion, blood pressure (BP) was measured twice with an interval of ≥ 1 min by trained survey staff using a standard mercury sphygmomanometer with an appropriately sized cuff on the right arm. The mean of the two measurements was used in further analyses. Hypertension was defined as systolic BP ≥ 140 mm Hg and/or diastolic BP ≥ 90 mm Hg or the use of antihypertensive medications. Plasma glucose was measured using the hexokinase UV method, and hemoglobin A1c (HbA1c) was measured using a latex agglutination inhibition assay according to the standardized method of the Japan Diabetes Society (JDS). HbA1c was converted to the National Glycohemoglobin Standardization Program (NGSP) value using the following formula: HbA1c (NGSP) (%) 1.02 HbA1c (JDS) (%) 0.25. A blood sample was defined as a fasting blood sample if it was obtained after ≥ 8 h of fasting. Participants were classified as diabetic if they met one of the following criteria 29) : (1) fasting plasma glucose level ≥ 126 mg/dL ( ≥ 7.0 mmol/L); (2) nonfasting plasma glucose level
Socioeconomic Status
Information on SES was collected using selfadministered questionnaires for NHNS2010 (employment status), CSLC2010 (monthly household expenditures in May 2010; i.e., the month before CSLC 2010), and NIPPON DATA2010 (length of education, marital status). Equivalent household expenditures were calculated as the household expenditure divided by the square root of the number of family members. SES was defined as follows: (1) 
Other Risk Factors
After a minimum of 5 min of rest in a seated posi- Associations between SES and Hypercholesterolemia Prevalence in Men Table 2 shows the associations between SES and hypercholesterolemia prevalence in men. The lowest quintile of household expenditures was associated with more prevalent hypercholesterolemia (28.3%) compared with higher quintiles (19.9%). The OR of the lowest quintile versus the higher quintiles was 1.66 (95%CI 1.16 -2.38) after adjusting for confounding factors. This association remained significant even after further adjusting for other items related to SES: the OR of the lowest quintile versus the higher quintiles was 1.70 (95%CI 1.18 -2.44). There was a trend toward a larger effect of household expenditures on hypercholesterolemia prevalence in participants 65 yr than in those ≥ 65 yr, but the difference was not statistically sig-≥ 200 mg/dL ( ≥ 11.1 mmol/L); (3) HbA1c ≥ 6.5%; or (4) currently receiving antidiabetic medications.
Statistical Analysis
The characteristics of the study participants are presented as the mean and standard deviation for continuous variables and as the number and percentage for categorical variables. The association between SES and each outcome was assessed using age-adjusted logistic regression (Model 1) and multivariable-adjusted logistic regression (Model 2). The multivariable-adjusted model included age, diabetes mellitus, hypertension, and type of house (owned or rented; this was only included in the analyses of equivalent household expenditures). The type of house was determined using the CSLC2010 questionnaire and used as a covariate because expenditures included household rent but not mortgages. The results of the logistic regression analyses are reported as odds ratios (ORs) with corresponding 95% confidence intervals (95%CIs). The associations between SES and each outcome in the subgroups (defined by age or menopausal status) were compared by adding an interaction term to the statistical model. P 0.05 was considered statistically significant. All statistical analyses were performed using SAS (version 9.4 for Windows; SAS Institute Inc., Cary, NC, USA).
Results
Participant Characteristics
The characteristics of the participants that were included in each cross-sectional analysis are shown by sex in Table 1 . Among 999 men and 1418 women, Table  7 ). Other SES variables were not clearly associated with untreated hypercholesterolemia. Similar findings were obtained when different definitions of hypercholesterolemia were used (LDL-C 4.14 mmol/L and NHDL-C 4.91 mmol/L) (Supplementary Table 6 ). Table 5 shows the associations between SES and untreated hypercholesterolemia in women. Employment status, marital status, length of education, and household expenditures were not clearly associated with untreated hypercholesterolemia. There were heterogeneous associations between marital status with untreated hypercholesterolemia in women 65 yr (OR 4.63; 95% CI 1.30 -16.42) and women ≥ 65 yr (OR 0.90; 95%CI 0.50 -1.61) (P heterogeneity 0.01). There were no other significant differences in the associations between SES and untreated hypercholesterolemia in the subgroups defined by age (P heterogeneity 0.52) (Supplementary Table 7 ). There was no heterogeneity in the effects of SES on untreated hypercholesterolemia between premenopausal and postmenopausal women (P heterogeneity 0.9) (Supplementary Table 5 ).
Associations between SES and not Receiving Hypercholesterolemia Treatment in Women
Discussion
In the present analysis of a nationwide survey of a general Japanese population, male participants in the lowest quintile of household expenditures had a higher prevalence of hypercholesterolemia compared with men in the upper quintiles. Unmarried men were less likely nificant (P heterogeneity 0.06) (Supplementary Table  3 ). Other SES variables were not clearly associated with hypercholesterolemia prevalence. Similar findings were obtained when different definitions for hypercholesterolemia were used (LDL-C 4.14 mmol/L and non-HDL cholesterol [NHDL-C] 4.91 mmol/L) (Supplementary Table 4 ). Table 3 shows the associations between SES and hypercholesterolemia prevalence in women. Employment status, marital status, length of education, and household expenditures were not clearly associated with hypercholesterolemia. There were no significant differences in the associations between SES and hypercholesterolemia in the subgroups defined by age, except for length of education (P heterogeneity 0.01) (Supplementary Table 3 ). There was also no heterogeneity in the effects of SES on hypercholesterolemia between premenopausal and postmenopausal women (P heterogeneity 0.1) (Supplementary Table 5 ). Table 4 shows the associations between SES and untreated hypercholesterolemia in men. Unmarried men were more likely to be untreated (75.0%) than married men (50.9%). The OR of unmarried versus married men was 2.53 (95%CI 1.05 -6.08) after adjusting for confounding factors. There were no significant differences in the effects of marital status on untreated hypercholesterolemia between participants 65 and consistent with previous reports from Japanese populations, which indicated that disadvantage in health status associated with low SES may be more evident in men than in women 34, 35) . The mechanisms underlying heterogeneous effects of SES between men and women may involve differences in lifestyle, occupational status (including type of occupation), access to health care, and attitude toward health information 35) . Interestingly, the sex difference observed in our study differs from what was found in studies conducted in Europe or the United States, where women had a stronger association than in men. However, SES and health outcome could have a complex relationship, and we agree with Kagamimori and the colleagues in their notion that "SES must be interpreted within the economic, social, demographic and cultural contexts of a specific country" 34) .
Associations between SES and Hypercholesterolemia Prevalence in Women
Associations between SES and not Receiving Hypercholesterolemia Treatment in Men
SES and Hypercholesterolemia Treatment
To the best of our knowledge, this is the first study to examine the association between marital status and hypercholesterolemia treatment status in a general population. In the present analysis, married men with hypercholesterolemia were more likely to be treated than unmarried men, but such associations were only observed in women 65 yr. These findings are in line with a previous observational study that reported that, with regard to choosing between healthy behaviors and/or compliance with medical treatment, married men are more likely to be affected by their partners than were married women 36, 37) . It has also been reported that never-married Japanese men have a less healthy lifestyle and subsequently higher levels of cardiovascuto receive "drug" treatment for hypercholesterolemia compared with married men. These associations remained significant even after controlling for confounding factors such as age, diabetes mellitus, and hypertension. In contrast, SES was not clearly associated with hypercholesterolemia prevalence or not receiving treatment for hypercholesterolemia in women. These findings would provide important scientific insights to health policy-makers who underscore attenuation of inequality in health status as well as that in SES.
SES and Hypercholesterolemia Prevalence
To the best of our knowledge, no previous epidemiologic studies have reported inverse associations between household expenditures and hypercholesterolemia, but an observational study in Greece reported higher hypercholesterolemia prevalence in men with less education 30) . Possible mechanisms underlying the link between low SES and hypercholesterolemia may involve lifestyle choices. In fact, it has been reported that people from socioeconomically disadvantaged backgrounds are less likely to choose food products that are low in saturated fat 31, 32) . Another possible mechanism may involve the limited utilization of health services among people with lower SES. For example, employees of small companies have been shown to be less likely to participate in health checkups than were the employees of large companies 33) . On the basis of the findings of the present analysis and previous epidemiologic studies, men with low SES are more likely to have hypercholesterolemia; in contrast, there were no significant associations between SES and hypercholesterolemia in women. The observed sex difference was is reporting bias for SES items (i.e., underreporting of very high status or overreporting of very low status), which could have weakened the association between SES and the prevalence and treatment of hypercholesterolemia. Third, we did not assess whether treatment (i.e.,., use of medication) was translated into an appropriate clinical goal, which can be an important indicator according to a recent report from a multicountry survey 42) . Further study is needed to address this issue. Finally, the findings of the present analysis may not be generalizable to other countries where lifestyle, access to medical care, and medical insurance coverage differ from those found in Japan.
Conclusion
In a general population of Japanese men, low household expenditures were associated with a higher prevalence of hypercholesterolemia, and unmarried men with hypercholesterolemia were less likely to receive drug treatment. The findings indicate that preventing cardiovascular events require a combination of highrisk and population strategies that focus on socioeconomic as well as traditional risk factors. . Regarding other SES items than marital status, an observational study from India reported that patients with hypercholesterolemia who had had a longer length of education were more likely to receive drug treatment 39, 40) . In the present study, however, length of education, employment status, and household expenditures were not clearly associated with untreated hypercholesterolemia. The reason for this discrepancy is not clear, but the lack of associations in this study of a general Japanese population may be because of the universal health insurance coverage system that allows Japanese citizens to access medical care regardless of SES 41) .
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Strengths and Limitations
This is the first study to demonstrate the associations between various SES items with the prevalence of untreated hypercholesterolemia based on a nationwide survey of a Japanese general population. Additionally, we conducted multivariable-adjusted analyses, whereas some preceding reports reported results after adjusting for a limited number of covariates. In the present analysis, some of the results remained significant after adjusting for age, diabetes mellitus, and hypertension, which suggests that other factors may mediate the link between SES and hypercholesterolemia. Further studies are needed to elucidate the mechanisms underlying this link.
The present analysis has several limitations. First, because of the cross-sectional nature of this study, we were unable to determine whether there was a causal relationship between SES and the prevalence or treatment of hypercholesterolemia. The second limitation Triglycerides are shown as the median and interquartile range. Defined as participants who met 1 or more of the following criteria: 1) systolic BP ≥ 140 mm Hg and/or diastolic BP ≥ 90 mm Hg; or 2) receiving antihypertensive medication.
Defined as participants who met 1 or more of the following criteria: 1) fasting plasma glucose level ≥ 126 mg/dL ( ≥ 7.0 mmol/L); or 2) nonfasting plasma glucose level ≥ 200 mg/dL ( ≥ 11.1 mmol/L); 3) hemoglobin A1c ≥ 6.5%; or 4) receiving antidiabetic medication.
Defined as participants who engaged in ≥ 30 minutes of exercise for ≥ 2 days/week for 1 year. Alcohol consumption is shown as the median and interquartile range. Abbreviations: BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein. Data are shown as mean (standard deviation), median (interquartile range), or n (%).
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Triglycerides are shown as the median and interquartile range. Defined as participants who met 1 or more of the following criteria: 1) systolic BP ≥ 140 mm Hg and/or diastolic BP ≥ 90 mm Hg; or 2) receiving antihypertensive medication.
Defined as participants who engaged in ≥ 30 minutes of exercise for ≥ 2 days/week for 1 year. Alcohol consumption is shown as the median and interquartile range. 
